First-principles studies of boron nanostructures by Lau, Kah Chun
Michigan Technological University 
Digital Commons @ Michigan Tech 
Dissertations, Master's Theses and Master's 
Reports - Open 
Dissertations, Master's Theses and Master's 
Reports 
2007 
First-principles studies of boron nanostructures 
Kah Chun Lau 
Michigan Technological University 
Follow this and additional works at: https://digitalcommons.mtu.edu/etds 
 Part of the Physics Commons 
Copyright 2007 Kah Chun Lau 
Recommended Citation 
Lau, Kah Chun, "First-principles studies of boron nanostructures", Dissertation, Michigan Technological 
University, 2007. 
https://digitalcommons.mtu.edu/etds/110 
Follow this and additional works at: https://digitalcommons.mtu.edu/etds 



















o© }a~a~a 1 N@\^-+\@>@J5ZN@>
j\aBcGgBccEOP_CNWCBXJU.H pŁ	4.pK<_
gC>OGgB Efc+X7T[$'XUP_XJ#(NUJ]XacFCP>OoC>@PbEc]]:B c\]EOPbE7?p0NUL@LOPbX7]EHG
BsJLONOP_CBRN@S:TD>@S V;S9SKAE7JWC,XZTC\]EP_EH`>aBsP_E7AE7JWCFcyTdX@P+C\]EGaEfeP_EfEXZT,ﬀ /-'Y #&v #"i[2Yﬁ5a jk #i2ml
BsJ=C\]E#VEOSGMX7Tim\W0]cBoc



















































































































































ﬂÖd ½D¾@ÑÕ¤ÃâÛ:Ú:ÏpÑÆQÃa¾8Ö=Ö=Ö=Ö=Ö=ÖºÖ=ÖºÖ=Ö=ÖºÖ=Ö#ÖºÖ=ÖºÖ=Ö=ÖºÖ=ÖºÖ=Ö=Ö=Ö=Ö=ÖºÖ=ÖºÖ=Ö=Ö  w
ﬂÖdaÖr õÉ:Ô7Ñ,ÔZÕ¤Î#¾kÔ7¾:ÃgÏË_Ú:ÐÑÎÕ¤Ð Ö=Ö#ÖºÖ=ÖºÖ=Ö=ÖºÖ=ÖºÖ=Ö=Ö=Ö=Ö=ÖºÖ=ÖºÖ=Ö=Ö  w
ﬂÖdaÖte õÉ@Ázñ4ÃaÕ¤Ãa¾L/Ô7¾:ÃgÏË_Ú:ÐÑÎÕ¤ÐÖ#ÖºÖ=ÖºÖ=Ö=ÖºÖ=ÖºÖ=Ö=Ö=Ö=Ö=ÖºÖ=ÖºÖ=Ö=Ö "s
ﬂÖfe ûYÃa¿Å:ÚÑÔOÑÆ_ÃZ¾kÔZË.Þ!ÎÑ¤É:ÃgÛàÖ=ÖºÖ=Ö=ÖºÖ=Ö#ÖºÖ=ÖºÖ=Ö=ÖºÖ=ÖºÖ=Ö=Ö=Ö=Ö=ÖºÖ=ÖºÖ=Ö=Ö " 



















ﬂgÖfﬂÖfegÖd ôËQÎfÏÑ¤Õ¤Ãa¾zúM¾ÆQÑDÁzÔZ¾ÛI½DÃZ¾:ÆŁfÔ7ÑÆQÃa¾zÈÃZÑ¤Îf¾@ÑÆ_ÔZË ÖºÖ=ÖºÖ=Ö=Ö uﬃu
ﬂgÖfﬂÖfegÖfe ûYÉÎf¿Æ_ÏHÔ7ËmñYÃa¾:ÛÆ_¾:Ý ÖºÖ=ÖºÖ=Ö=ÖºÖ=ÖºÖ=Ö=Ö=Ö=Ö=ÖºÖ=ÖºÖ=Ö=Ö uﬃ






























































































"âÖ  ÖdaÖd ÈÕÆ_ÐÑ¤Æ_¾:Î
ï
6ñ(×[ÐjÖ#ÖºÖ=ÖºÖ=Ö=ÖºÖ=ÖºÖ=Ö=Ö=Ö=Ö=ÖºÖ=ÖºÖ=Ö=Ö0#ﬂﬀ
































































































































































































































































































































































×ﬂÉ:Î,Æ_Ð¤ÃZÐ¤Ú:ÕÍÔZÏfÎÐÔZÕÎ/Ô7Ñ­ﬀÖxwzeäÎ#ÛÞ 3 ëú½ípÇﬀÖxuz"äÎ#ÛÞ 3 ëú½¤½ípÇßﬀgÖfz"#Î#ÛÞ 3 ëñY½ípÇ
ﬀÖxu!äÎ#ÛÞ 3 ëñY½¤½íÇVﬀÖxwzÎ#ÛÞ 3 ëìûY½ípÇoﬀÖxﬃwÎ#ÛÞ 3 ëìûY½¤½íﬂÔZ¾:ÛLﬀÖxwzÎ#ÛÞ 3 ëìûY½¤½½ípÖ¦#ﬀ

Öf" ñÔZ¾:ÛIÐÑ¤Õ¤Ú:ÏpÑÚ:ÕÎMëdÍdÕ¤ÃZ¿¯ÑÃaÅÑ¤ÃMÙ<ÃZÑ¤Ñ¤Ãa¿í4ÃZÍ[ÑÉ:Î#Æ_ÛÎHÔZËQÆŁfÎÛ {1212} ÇÙÚ:ÏãUË_ÎfÛ









































































































































Î^UÚ:ÆQË_Æ_ÙÕ¤Æ_Ú¿ ÏÃa¾ØkÝaÚÕÔ7Ñ¤Æ_Ãa¾:ÐÖ ë×[ÃaÅwíßIÑDÁâÅ<Î%½ÙÚ:¾:Û:ËQÎfÐfÖ ëìñYÃZÑÑÃa¿ípßÑDÁâÅ<Î




























































































































































































































































































































ÙkÔZÐÆ_ÐÂÐÎÑ!ëdÎpægÏfÎÅÑÑÉ:ÎzÊ/å ∗ ÔZ¾:ÛàèﬂûY½ ∗∗ íÇÔZÐÂÒ4ÎÚ:Ð¤ÎÛàÆ_¾ Ñ¤É:ÎÏHÔZËQÏfÚ:Ë_Ô7ÑÆQÃa¾
ÒjÉ:Æ_ÏÉI¿Îf¾@ÑÆQÃa¾:ÎfÛIÆ_¾!ûYÉkÔ7ÅÑÎÕﬂÖú/ËQË'ÑÉ:Î#ÏfÔZË_ÏÚ:ËbÔ7Ñ¤Æ_Ãa¾ÐÉ:ÎfÕÎÂÔ7Õ¤Î#ÙkÔZÐÎfÛ%ÃZ¾
 =Ô7Ú:Ð¤ÐÆbÔZ¾Vﬀﬂ^ÅÕ¤ÃaÝaÕ¤ÔZ¿ ÐÚ:ÆQÑ¤ÎZÇkÎpægÏÎfÅÑyÊyå ∗ ëdÆÖ|ÎZÖÐ¤ÆQ¾:ÝaË_Î
DÏÃa¾ØkÝaÚÕÔ7Ñ¤Æ_Ãa¾Ú:ÐÆ_¾:Ý






































































































































































































































































































































































































































































ÑÃÄÔZÐ@òpŁj<.pK<_ÂÐÑÚÛÁ ëÃaÕÔZ¾O %kŁìÝÄÐÑ¤Ú:ÛÁípÖ3×ﬂÉÎ!ÑÎÕ¤¿  !kŁÝÄëZ
Ô7ÑÆQ¾ðÍdÃaÕ









































































































































































































x@<ìÄJMa;ZŁÝÄOµÄOhZ= $ZŁLp@<«ÄJMa;ZŁìÝÄO!ëôwÖ­egÖ  ípÖ






















































































































































































































































































ψ1(x1) ψ2(x1) ... ψN(x1)
ψ1(x2) ψ2(x2) ... ψN(x2)
... ... ...





























< ΨHF |Hˆ|ΨHF > =
N∑
i=1











































































































































































δ{ETF [ρ] − µTF (
∫
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Eground ≤ EV [ρ′(r)] ÇÍdÃaÕ
EV [ρ
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Õ¤ÎfÔZÏÉ:ÎÛ'ßÆÖ|ÎZÖÒjÉ:Î¾ |E(i) − E(i−1)| < ηE ÃaÕ
∫
























































































































































































































χ(r, θ, φ) = NYl,m(θ, φ)r
2n−2−le−ζr
2 ëÝegÖfeﬂ@í
χ(x, y, z) = Nxlxylyzlze−ζr




































































































































































































































ϕµ(r − Aµ −G) =
nG∑
j
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2S + 1 =
∫
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